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FREE-SPIlg3ING TUMEL TESTS OF 1L 1/18-SCALF: MODEL 

By b e  T. Daughtridge, Jr. 

Spin t e s t s  have been performed i n   t h e  Langley 2 G f o o t  free- 
spinuing tunnel on a 1/18-scale  model  of the   Fa i rohi ld  XN&l a i r -  
plane. The spin and recovery cha rao te r i s t f c s  of the model were 
determined for the n o m 1  gross-eight loeding and for tpgo variatfons 
f’rom t h i s  loadi.ng - center of gravity nwed rearnard and relative 
mass dis t r ibu t ion   increased  along the fuselage. These t e s t s  were 
performed for two v e r t i o a l - t a i l  plan forms, me investigation a l s o  
included  simulated pilot-escape tests and rudder-farce  tes ts .  

The reoovery oPLaractsrfstias of the model were s a t i s f a c t o r y  f o r  
a l l  conditions t e s t e d  by full reversal of the  rudder and by slmul- 
taneous  neutral izat ion of  the rudder and elevator. It was indioated 
that i f  necessary t o  escape from t h e  spinning a i r p l a n e ,  the pilot 
should jump f’rom the outboard s ide  of the   fuselage and a s  far 
rearward a8 possible. Aa detsrmined from spin  model t e a t s ,  the 
rudder pedal force required to reverse  the rudder for reoovery 
from the  s p i n  will be light. 

INTRODETION 

In accordanc‘e w i t h  a request  of the  Bureau o f  Aeronautics, 
N&vy D e p a r b n t ,  a l/B-soale model of t h e  Fairohild XmR-1 a h -  
plane has been t e s t e d  in the Langley 20-foot fl-ee-spinning tunnel. 
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The X%-1 is a l i g h t   t r a i n i n g   a i r p l a n e   w i t h  a two-plaoe  tandem 
seating arrangement and conventional  Landing  gear. 

A l l  tests were performed w i t h  the model i n  t h e   c l e w   c o n d i t i o n  
( landing geab r e t r ao ted ,  f l t i p s  neutral, and omopy alosed) .  The 
e r e c t  spin and  reoovery  character is t ics  of the model were determined 
f o r  the normal  gross-weight  loadtng  and  for two Variat ions of 
this loading: (1) center of g rav i ty  movsd rearward of normal  and 
(2) re lat ive msss d i s t r ibu t ion   i nc reased  along the fuselage.  Each 
o f  these l o a d i r g  conditions was invest igated for d i f f e r e n t   v e r t i o a l  
tail plan f o ~ m a  [designated 8 s  o r i g i n a l  and a l t e r n a t e   v e r t i c a l  
ta i l8  by Fa i roh i ld ) .  The r ecove ry   aha rac t e r i s t i o s  were gensrally 
determinod by fu l ly   revers ing   the   rudder .  Dr. H. Serbin, a 
r ep resen ta t ive  of  t h e  Fa i rch i ld   A i ra ra f t  Cmpuny, witnessed some 
of  the spin t e s t s ,  and during h i s  v i s i t  it was decfded t o  a l so  
run t e s t s  i n  which rudder  alone or rudder and elevator  sirnultanoously 
wsre neutral ized.  The inve r t ed  spin and  recovsry   charac te r i s t ics  
were determined  for  the normal-lmding condition with the or ig ina l  
v e r t i o a l  t a i l  installed. The rudder  pedal  force  necessary to 
e f f e c t  moovery  from a snin was determined and t e s t s  aimulstlng 
emergency pilot esoapo were also performed on the model. 

. .  . .  
SYMBOLS 

b ' . wing  span, feet 

s wing area, square f e e t  

m mass of a i rp l ane ,  slugs 

0 wing chord 

0 
- 

Icean aerodynamic chord, feet 

51; r a t io  of distance o f  oenter of gravity rearward of 

z / z  r a t i o  of distanoe between center of g r a v i t y  and 

leading edge of m8an asrodymmio chord t o  mean 
aerodynamio ohord 

thrust l ine  t o  mean aerodynamic.  chord  (positive 
when oenter  of g r a v i t y  i s  &low t h r u s t  line) 

Ix, Iy, Iz moments of i ne r t i a   abou t  , Y-,and 2- body  axes 
r s s p e c t i v ~ l y ,  slug-feet 3 

I 

I 
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Ix - IY . i n e r t i a  yawing-moment parameter 
mb 2 

% - 12- fnsr t ia  rolling-mment parameter 

mb2 

IZ - =x 
" i n e r t i a  pi tching-moment parameter 

*b2 
8 

P air density,  slug per cubfo foot 

I.S r e l a t i v e   d e n s f t y  of airplane (m/pSb) 

a angle bekcca t h r u s t  l ine  and v e r t i c a l  (approximately 
equal to absolute n l u e  of angle of a t t a c k  a.t; 
plane of symrrretry), degrees 

,d angle between span axis and horizontal, degrees 

V full-scale %rue rate of doscent, fee t  cer second 

ful l -scale  angular  velocity about spin axis, 
revolutions per  s e o m d  

13 " h e l i x  angle, angle btr;reen f l i g h t  nath and mrtical,  
degree8 (For *,his model, the average sbsolu te  
value o f  the hel ix  mgIs was aprroximately 7O. 1 

B appP6ximste angle of sideslip a t  center of gravity, 
degrees (S ides l ip  i s  inwwd ..when i m e r  wing is 
down by an amount gree te r  t k  the helix angle.) 

APPARATUS Afa METHODS 

The 1/18-soale  model of the XIQ-1 a i r p l a n e  used in  the spin 
t e s t s  was furnished by the oontraotor  and %as ohecked for dimensional 
aocuracy and prepared for testing by Langley. The vertical p o s i t i o n  
of  the horizontal tail m s  found in error and m e  corrected by Langley. 

original vsrtioal t a i l  installed 91'6 sham in f i g u r e s  1 m d  2, 
respectively. A draxing cornwering the original and a l t e r n a t e  
v € r t i O a l - t a i 1 D l a n  forms28 presented as figure 3. 

I A three-view drawing and photographio views of the model with the 

(I 
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The dimensional   oharaoter is t ics  o f  the XNQ-1 a i rp l ane   a r e  
oresented i n  tab le  I. 

The model was ha1las"ked t o  obtain dynamic s imi la r i ty  t o  the 
a i r c h n e  a t  an a l t i t u d e  of 10,000 feet ( p  = 0.001756 slug/cu:ft) 
An slectromagnetio  remote-aonfrol mechanism was i m t a l l e d  i n  tke 
m & G 1  t o   a c t u a t e   t h e  controls fcr the  recovery  attem?ts  and t o  
release the  dpmy p i l o t  for the  pilot-esoage t e s t s .  Suff io isn t  
maments were ,exerbd  on kh-e oontrols   during the recovery  a t tempb 
t o   r e v e r s e  then f u l l y  and rapidly .  

The  d m y  y l l o t  ueed i n  the pilot-escape tests was constructed 
by langley m d  soaled down in both  dimensions  and  weight t o   r e p r e s e n t  
&n average u i l o t  w i th  a parachute psck (200 lb) a t  10,000 f e e t  
a l t i t u d e  . 

Rind Tunnel and Teeting Tecknique 

The t e s t s  were performed i n   t h e  Langley 20-foot  free-spinning 
tunnel, the  operat ion o f  whioh is ,  in general ,   s imilm t o  t k t  
dsecribed in  reference 1 f o r  t he  Langley l5- foot  free-spinnkg 
tunns l  exospt t h a t  the model launchhg  technique has been ahanged. 
75th   the   cont ro ls   se t   in   the   des i red   Pos i t ion ,  the model i s  launched 
by hand w i t h   r o t a t i o n   i n t o  t h e  vertfcally rising air: Stream. 
After a numbor of .turns i n  the  established spin ( f i g .  4 shows %he 
model spirtning i n  the Langley 20-foot free-spinning tunnel), 
reomery   a t tempt  i s  made by moving o m  or more cont ro ls  by means 
of the remote-oontrol mechanism. After recovery, the model dives 
i n t o  8 safety net .  The sp5.n data obtained from t h e s e  tests are 
than converted from model values t o  omresponding full-scale 
values by methais also  desoribed in referenoe I.. 

In accordanoe wi th  skndard splr- tunnel  prooedure, te-s ts  were 
nerformed t o  determine the spin and recovery c h a r a c t e r i s t i c s  of 
the model for the  normal-spinning  control  oonf'iguration (elevator 
f'ull up, ailerons neutral, and rudder fill with the  spin) and f o r  
vsr ious  other  aileron and elevator   combinat ions  i rc ludisg neutral 
and m a x i m u m  sektings of  the   sur faces   for  the various Eodel  loadings 
and configurations.  Recovery was generally attempted by rapid 
rcvorsal of the rudder from f u l l  with t o  full agsks t  the spin, 
although, as previously  mentioned, scme r scmery   a t tempts  were 
made by n e u t r a l i z a t i o n  of the rudder  alone snd by simultaneous ' 

n e u t r a l i z a t i o n  of the   ruddw and elevator .   Tests  were also 
Parformed t o  evaluate   the possible adverse e f f e c t s  on recovery of 
small deviations from the normal control oonflguration for  spinning. 
For these tmts, the elevator was s e t  either at its full-up deflection 
o r  a t  two-thirds of i t s  f u l l - u p  def leo t ion  and tine a i l e r o n s  were 
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c s e t  one-third of the f u l l  def leot ion in the d i r e c t i o n  conducive 
to slower recoveries.  Recovery was attempted by r ap id ly   r eve r s ing  
tb rudder from full with t o  only two-thirds aga ins t  the spin. 
This   ?ar t icu lar   cont ro l   aonf igura t ion  and manipulation is r e f e r r e d  
to herein as t h e  "criterion spizmn Turns for  reoovery are  measured 
fram t h e  t i m e  t he   con t ro l s  are  moved to   t he   t ime  th6 s p i n   r o t a t i o n  
ceases. The o r i t e r i m  f o r  a sa t i s fao tory   reoovery  from a sDin f o r  
a spin-tunnel model has been adopted as 2 turns or less, based 
pr imar i ly  on t h e   l o s s  of a l t i t u d e  of the ciorresponding airplane 
during  thc  reoovery  and  subsequent dive. Recovery  oharacter is t ics  
of ' a mode1 are aonsidsred sa t i s f ac to ry ,  however, i f  recovery 
attempted from the o r i t e r f o n   s p i n   r e q u i r e s  no more than :2Lturns. 4 

For  recovery attempts in whioh the model s t ruck  the safety 
net   before   recovery  could be effeoted, the number o f  t u r n s  from 
the time th8 oont ro ls  were moved t o  tk:s time the  model struok the 
safety net was reoorded. This number i n d i c a t e s   t h a t  the model 
required more t u r n s  to recover  from the spin than s h m ,  as, 
for example, > 2~ A >2Ltuno recovery,  however,  does  not 

necessarily indicste an inpro7enaent when compared to ~t > .$.-turn 
reaovery. 

1 
2 

For the  ?ilot-escaDe tests, the dummy p i l o t  was a l t e r n a t e l y  
a t taahed  t o  the   s ide  of  the  fuselage at the forward sect  and a t   t h e  
rearward seat i n  order t o  simulate sither the  p f l o t  o r  the s tudent  
jmping f'rom the airplane. The dummy was r e l eased  frm the inboard 
side ( the  right s i d e   i n  a right spin) and *OM the  outboard side 
of  the  fuselage during a flat spfn and a t y p i a a l  s teep  spin. No 
flat spins were ac tua l ly   ob ta ined  during the nodel spin tests, but 
a flat spin m s  simulated f o r  the p i lo t - e soape   t e s t s  by releasing 
the dummy while the mode I w a s  s t i l l  i n  the f la t  a t t i  tuds caused 
by the r o t a t i o n a l  energy impwted t o  the model  during  launching. 

In performing the rudder pedal foroe t e s t s ,  only   the   force  
n s c e s s a r y   t o  move  the a d d e r  80 as t o  e f f e o t  a normal reoovery 
from the spin was determined. To aooompliah this, the  tension 
i n  the rubber'. band that p l l a  the rudder against the spfn wss 
adjusted t o  r ep resen t  bown hinge-moment values about the  rudder 
hinge l ine.  A s e r i e s  o f  r eoove ry   t e s t s  then mado, the tension 
i n   t he   rubbe r  band being sys temat ica l ly   lowred ,  until the t u r n s  
f o r  recovery began to i6areass.- The value of  the model hinge 
nomenk a t  t h i s  uoin t  was then  oonverted %o the corresyonding 
f u l l - s o a l e  rudder nedal form a t   t h e  equivalent altitude a t  whfch 
t he  t e s t s  V ; G T ~  rade. 



6 

B E G  IS1 ON 

NACA No. L6E8 

The spin data   presented we  belSe7ed t o  be t h e   t r u e  values given 
by the model within  the  f 'ollowipg limits: 

a,  degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . .  fl 
$, degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f l  
V, p e r c e n t .  . . . . . . . . . . . . . . . . . . . . . . . . . .  25 
0, p e r c e n t .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 

''A t u r n  when obtained from I no t io r -p i c tu re   r eco rd  

t u r n  whan obtained fron 
f 2  v i  sua1 est imate  
t I 

Turns for recovery . . . . . . . . . . .  < f& 

b s m e  instances  i n  which it %as d i f f i c u l t   t o   t e s t   t h e   n o d e l  due t o  
t h e   o s c i l l a t o r y   o r   w a r d e r i q  nature of  the spin, the faregoing limits 
may have been exceeded. 

Comparison  betwcen s p i n   r e s u l t s  of models and  corres?onding air- 
planes ( r e fe renoes  1 and 2) i n d i c a t e s  that s? in - tunne l   r e su l t s  are 
not always i n  compdete ag remen t  w i t h  ai.rplane spin results. In 
general ,   the  models spun a t  ?I somewhat smaller  angle of attack, r;ith 
a s l i g h t l y   h f g h e r   r a t e  of descent, snd K i t h  5' t o  loo mora outward 
s i d e s l i p  than d i d  the  corrssponding  airplanes.  The comparison made 
i n  referenoo 2 for 20 models shows khat  80 psrcent o f  t he  model 
r ecove ry   t e s t s   p red ic t ed   s a t i s f ac to r i ly  the number of turns   requi red  
f o r  reoovery from t h e  spin of the  corresponding airplane and t k i t  
LO percent  were  optimistio  and 10 pcraent  were  pessimistio as regards 
the air2lam recovery   ahsrac te r i s t ios .  

L i t t l e  can be s ta ted   about  the prec i s ion  o f  the pilot-escape t e s t s  
as no  comparable  full-soale  data are amilable. It is  considered, 
hoxever, t h & t  when the d u m y  p i l o t  is observed t o  clear a l l  p r t s  of 
t h e  model by a large m q g i n  after being  released, tbc p i l o t  may 
safely  escape from the spinning  a i rplane i n  an emergency. 

Because o f  t h e   i n p - a c t i o a b i l i t y  of ballasting t h e  model exactly 
and  because of inadvertent  damage t o  the  model during  the mln 
t e s t s ,  the  mass d i s t r i b u t i o n  of' the nodel v a r i s d  f'rorn ths t rue   sca led-  
down values with in  the following limfts: 

lveight, percect  . . . . . . . . . . . . . . . . . .  high t o  7 high 
Cmter-of=gravity  location, percent 5 . . . . . . . .  0 t o  1 rearward 
Moments Ix, percent  . . . . . . . . . . . . . . .  6 high to 7 h igh  

2 low to 1 low 
' i ner t ia  12. percent  2 high to 6 high 
of . . . . . . . . . . . . . . . . .  i Iyr Fercent . . . . . . . . . . . . . . .  



The measurement of th0 mass oharacteristics were made wi th in  the 
following limits of acouracy: 

i%ight,  peroent . . . . . . . . . . . . . . . . . . . . . . . .  f l  

bfomnts of iner t ia ,  percent  . . . . . . . . . . . . . . . . . .  25 

The cont ro ls  were s e t  w i t h  an aoouraoy of 21'. 

Center-of-gravity looatton, p r m n t  5 . . . . . . . . . . . . .  21 

TEST CONDITIONS 

Spin tests were performed for t he  conditions of th6 model 
l i s t e d  in  t a b l e  11. Eteference 5 i n d i c a t e s  that moving the  center  
cf gravity rearward  general ly  has an ad-Terse e f f e c t  on the  spin 
and recovery   chr t rac te r i s t ics  of models   wi th   re la t ive ly  low values 
of ths relaLvive density narameter (a. The XMQ-1 m o d e l ,  therefore ,  
was t e s t ed   w i th   t he   cen te r  of  g rav i ty  moved r e a r w a r d  i n  order t o  
determine the effect, The mod61 was t e s t e d  with t h e  relative mass 
dis t r ibu t ion   increased   a long  the fuselage t o  defermfne i f  the 
e f f e c t  of c o n t l o l   d i s y o s i t i o n  and maniDulatim on the s ~ f n  and 
racovery oharacteristios rr-ould be changed. According t o  re ference  4, 
an imrease i n  relat i re  mcs6 d i s t r i b u t i o n  a loq  the  Pusclnge should 
tend t o  reverse t h e   e f f e c t  of the Gilerons and E lemtor s .  

'Jalueo  of the tail-damping power factor for  the o r i g i n a l  and 
the alternate m r t i c a l  tails are given in table I. The ta i l -  
damoing power f m t c r  was computed aocording to the method given i n  
re fcrence  3 .  'phe va lues  presented were cmputed for the  normal 
gross-weilght center-of-gravi ty   locat ion.  A comparison of the  values 
of the  mass oharacteristios. ..and inertia parameter f o r  the loadings 
t e s t e d  on the model, c.onverted t o  corresponding full-soale values, 
and f o r  various loadings possible on tha airplane is presented i n  
tab le  111. The inertia parm-eters a r e  also p lo t t ed  on f igure  5. 
This figure can be used i n   p r e d i c t i n g  the r e l a t i v e   e f f e c t  of con t ro l s  
on spin and r ecove ry   cha rac t e r i s t i c s  as shown in re ference  4. 

The maximum con t ro l  deflections used in the t e s t s  were as 
f ollcnvs : 

Rudder, degrees . . . . . . . . . . . . . . . .  3C r i g h t ,  30 l e f t  
Elevator, degrees . . . . . . . . . . . . . . . . .  30 u?, 20 down 
Ailerons, d e p e e s  . . . . . . . . . . . . . . . . .  24 up, 12 down 



The p a r t i a l   a o n t r o l   d e f l e c t t o n s  used f o r   t h e   c r i t e r i o n  spin 
were as fo l lows:  

Rudder, def lected,   degrees  . b . ,  . . . 6 . . . . . . 20 

Elevator,  defleoted - up, degrees . * . . .. . . . . . 23 

Atlcrons, - deflected,   dsgrses  . . . , . . , . 8 up, 1: down 

VGhsn the  oenter of q a v i t y  was moved resrxard on the modsl, the  

3- 2 
i 3 
3 

mment-s o f  i m r t i a  were k e p t  cons tan t   about   the   o r ig ina l  center of 
gravity. R%en t h e   r g l a t i v e  ma66 d i s t r i b u t i o n  was increased along 
t he  fuselags, the   oenter  of grav i ty  was kept a t  i t s  o r i g i n a l  
Dosition. 

RESULTS AND DISCUSSION 

The r e s u l t s  of the  sp in  tests are presented i n  2harks 1 t o  5. 
R e s u l t s  fcr r i g h t  and l e f t  sp ins  wers s imi la r ,  and t h e  results 
a r e   a r b i t r e r i f y   p r e s e n t e d  in terms of fiqufmlent r i g h t  spins.  

Original Ver t i ca l  Tail 

Normal gross-weight   loadine-  The r e e u l t s  o f  spin t es t s  of the - 
model in the  normal gross-w-eight  loading  (point lin table I11 and 
f i g ,  5) wi th  the o r i g i n a l   v e r t i c a l  t a i l  are   presented i n  cha r t  1. 
The sp ins  obtained were steog (angle o f  a t taok about 25O} and  were 
general ly   oPoFllatory fn Ditch m d  r o l l .  The reooveries  f r m  these 
s?ins by full rudder   reversal  were very rapid, the slowest  recovery 
requiring only . 1 t u r n o  %hen the   e l eva to r  was up and t h e   a i l e r o n s  
were a g a i n s t   t h e  spin, ths mod31 reooverljd 80 ra r l id ly   tha t  it 
hmed ia t s ly  began to spin i n  the  oRFosi te   direct ion  before  6tr:ki:lg 
the safetg net. It appears, therefore, t h a t  c w e  ~ u s t  b~ exercised 
t o  avoid  enter ing a s ~ i n  i n  the  oppos i t s  d i r e c t i o n  when at tsmpting 
a r e c o v e r y   i n  the airplane.  The model would not   sp in  w i t h  the 
elevator neutral  or full down when the ailerons were  neutral   or 
against the spin .  

Inverted  spin t a s t s  mere a lso  performed on t he  model in the 
norms1 gross-weight lokding with t h e  o r i g i n a l  v e r t i c a l - t a i l  ~ 1 a .  fora. 
The r e s u l t s  of thasc t e s t s  are FrCSented i n   o h a r t  2. The method of 
Dlo t t i cg   t he  data fo r   i nve r t ed   sp ins  5.s differ i ; .a t   than  that   for  
ere& spins. For f u l l y  developed i w e r t e d  s?ins, "co~trols crossed" 
( r igh t   rudder  pedal fo rward  and s t i c k  t o  l o f t  f o r  sp ins  to pilot's 
r i g h t )  i s  p lo t t ed  a t  the r i g h t  of the  u h r t ,  azd l's-tir.k, bhok" is 



d o t t e d  a t  th8 bottom of tke  chart. &n the c o n t r o l s  are crossed 
i n  the ful ly   developed spin, the a i l e r o n s   a i d  the rolling motion, 
and w b ~  the c o n t r o l s  are together, the a i l e r o n s  o.bpose the r o l l i n g  
motion. The angle of wing tilt $ is given as up o r  down relative 
t o  the pound. . -  

For the .   inver ted  spin tests,  the model would not spin for any 
oontrol conf igura t ion   tes ted   except  with the s t i c k  full forward and 
bne- thbd  or  more t o  the l e f t  ( r i z k t  rudder nedaI) and s t i ck  n e u t r a l  
logf tudina l ly  and f u l l   l e f t .   R e c o v e r i e s  were Effec'ted very raDidly 
by rudder   reversa l  fran; -the spins  that wer6 obtained. 

Varia t ions  from tke normal gross-weight loading.- The r e s u l t s  
" " 

of' tes ts  of the model with the center  ct f  grav5f;Jr moved 10 Fsrcent 
of the  mean aerodynamtc chold rearward of norrnal ( p o i n t  2 i n  
table 111 and f i g .  5 j  a d  fbr tes-Ls with  Iy end Tz inc:.eased 
X) percent of Iy (point 3 i n  table 111 and f ig .  5) are  pressnted 
in  chart 3.  

FovTng the center  of gravity rearward of noma1  produced only 
R s l igh t   adve r se  effsc'; on 1,he m i n  and reaom1.y chriractsrLstics.  
T h e  number of turns ncc3easru.g for   recovery Pram the normal and the 
c r i h r i o n  sxlins it?crw.;.sd slishtl>r a d  the  mccsI  spun w5th the 
s t i c k  neutral LateraLLy and lungit--!dinally where it would not spin 
for  t h i s  control corf : !qza t icn  when the center  of &-e*ty nas i n  
the normal Dosi t ion.  

When the rshtlvs mass d i s t r i b u t i o n  was in2:rsased along t he  
fumlage, spins were  obtaincd f o r  all control  ooaf igura t ions  tes ted .  
The r e c o v e r b s  from all these spins, however, were st-ill very rapid.  

From the foregoing resuI.58, it appears tht the small range of 
oentar-of-gravity xovement rearward of n o m 1  (approximately 
2 percellC of the man aerodynmic  chord) a d  the small changes i n  
the  i*elat ive m6s distribution fYom the n9mal  33ssible on the 
aimlane will c o t  aDpreciably a f f e o t  the fi l l-scale recovery 
oharhoter i s t ios .  II16LQnuch as the  model sometimes  went i n t o  a spin 
in the opposi5e  direction i m c d i a t e l y  after recrovery, it appears 
t h a t  the pil0.t; should  exeroise  care to avoid such an ocaurrelice 
on the   a i rnlane.  - - 

Alternate V e r t i c a l  Tail 

Norm1 gross-=eight Loading.- The results of tests of the model 
i n  t h r n o r m a l   g r o s s - m i g h t  loading with t h e   a l t e r n a t e   v e r i c a l  tail 
i n s t a l l e d  are  presented in chart 4, The spfn charaoterist ics and the 



reoovery   obarac te r i s t ios  by rudder reversal wer0 similar t o   t h o s e  
obtained with t h e   o r i g i n a l  t a i l ,  t he   sp ins  with t h e   a l t e r n a t e  t a i l  
being slightly steeper  than t hose   w i th   t he   o r ig ina l  tail. Aocording 
t o  the  c r i t e r i o n  of rsferenoe 3 ,  it would be e x p o t e d  t h a t  the . 
r e s u l t s  w i t h  the  alternate t a i l  mould be i n f e r i o r   t o   t h o s e   % i t h  the 
o r i g i n a l  tail, inasmuoh. as the  tail-damping. power f a c t o r  i s  lower. 
The rudder of the  a l t e r n a t e  t a i l  i s  smaller, however, and probably 
produces l ess  pro-spin yawing monent when w i t h  the   sn in  thmi does 
the  rudder of the o r i g i n a l  t a i l .  This grobakly aoclounts f o r  the 
steeper spin,  and thus less anti-spbxl yawing moment i s  required of 
the  rudder   for   recovery.  

Xeutralieing  the  rudder  alone was n o t   s u f f i c i e n t  to e f f e o t  
s a t i s f aa to ry   r eaove r i e s ,   bu t   neu t r a l i z ing  the rudder and e leva tor  
sirnultanoously  produoed  reooveries  almost ES raDid as those obtrAinod 
by reversing the ruddor alone. 

No i n ~ e r t s d  spin tests were m r f o m e d  w i t h  t h e  alternate 
v c r t i o a l t a l l ,   b u t  it i s  believed that the r e su l t s   ob ta ined   fo r   t he  
original t a i l  a r e  applicable.  

. .  

Varia t ions   f ron  the normal  gross-weight  loading.- The r e s u l t s  
of tests of the model  with the center  of Fravitv moved 10 m r o e n t  
of t he  moan aerodynmic  chard rearward o f  $ o m i  and of tests w i t h  
Iy  and IZ increased 20 perosnt  o f  Iy 816 presented i n  oha r t  5. 

N t h   t h e   c e n t e r  of g rav i ty  movsd r ea rmrd ,  the spins were 
steep, and  although not tasked,  reooveries  at tempted by full 
rudder reversal would undoubtedly have been rapid.  Reooveries by 
rudder  neutralizeit ion  alone were unsa t i s fac tory ,   bu t   recover ies  by 
s imultaneous  neutrs l izat ion of t he  rudder   end  e lemtor  were very 
rapid. 

The s p i n   c h a r a c t e r i s t i c s  uith t h e   r e l a t i v e  mass d i s t r i b u t i o n  
inoreased along the f'uselage were very similar t o  those w i t h  the 
centor of g r a v i t y  mcrved rearward.  Recovery by rudder n e u t r a l i z a t i o n  
alone was satisfactory f o r  the noml-s? inning configurat ion,   but  
f'rom r e s u l t s  of t es t s  in  t h e  nornial loading it i s  f e l t  t h a t  
w s a t i s f a o t o r y   r e c o v e r i e s  may be obtained i f  the ailerons are 
deflected even s l i g h t l y  with the  s?in, Rscoosries by simulttineous 
rudder   and   e leva tor   neut ra l iza t ion  were r ap id   fo r  a l l  a i l e r c n  
def lect ions.  

From t he  r e s u l t s  of  the model tests, it aDpears that e i t h e r  
revers ing the rudder fully, being c a r c f u l  n o t  t o   e n t e r  a spfn i n  
the  opposi te   direct ion,  o r  n e u t r a l i z i n g  the  rudder and e leva to r  
s i -mltaneously w i l l  chuse  the  a i rplane to r c o o 7 e r   s a t i s f a o t o r i l y  
&can developed spins. 

I 
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Landing Conditforr 

Curren-t; Navy speui f ica t ions  require only 1;-turn spins to be 
demonstrated i n  the landing cordition. The XNQ-1 model, therefore ,  
was. no t   t e s t ed   i n   t he   l and ing   cond i t ion  inasmuoh as experienoe 
i n d i c a t e s  that an a i r p h n e  will s t i l l  be in an i n o i p i e n t  spin after 
only 1 turn m d  t h a t   r e o o v e r i e s  o m  be e f f ec t ed   r ap id ly  from t h i s  
inoinient spin. Nevertheless, if a sDin is entered inadver ten t ly  
in ehe landing  oondition, it is reommended that the f l a p s  be 
r e t r a o t e d  and that recovery  be attempted i m d i a t e l y  after entering 
t h e  spin. 

Pilot-Escape Tests 

Tests were made t o  detxrmine f r o m  which side of the fuselage 
and f’rom which cockpit, f r o n t  or mar, escape should be attempted 
if in an unoontrollable spin, It was observed that *hen the dummy 
was released a t  either cookpi t  loca t ion  f r o m  ths inboard side 
( r i g h t  side in a r i g h t  6gin) Qf the fuselage, it went through the  
uropelkr d i s o  f o r  the steep sp in  an2 c8me dangerously olose to the 
propel le r  diso f o r  .the klst ;-spin. Khen the  durnmy nas releesed f r o m  
the  outboard aide of t h e  fusalage f’rcon either cockpit, s t eep  or 
P l a t  sqin, it cleared vhe m&aL  hy going over t h e   t r a i l i n g  edge of 
the outboard wing and =der the tail. It was observed, however, 
than when r e l eascd  f’ror; the rearward  cockpit, t t s  durrrmy c l e m e d  the 
model by a lezgcr margin. Therefore, if it beoomes neoessary f o r  
either  oocupant to abandon the spinning a i rp lane ,  it i s  Peaomended 
that he jmp *can the outboard side and as far rearward as Dossible. 

Rudder-Control Form 

The discuesfon of the r e s u l t s  of the spin tests has been based 
on coxbrol  e f f ec t iveness  alone without regard t o  t h e  forces   requi red  
to move t he   con t ro l s .  As previously mentimtd, however, 821 i nd ioa t ion  
of the control force required was determined by measuring the m i n i m  
force  neoessexy to Erne the rudder suff ic ient ly  to e f f e a t  a normal 
reowery i n  the  normal grO86-Weight loading with the original 
v e r t i c a l  tai l .  The foros meaaured was: 100 pounds full soale which 
is well with in   the  oapabil i t iee  of t he  p i l o t ,  aGd no d i f f i c u l t i e s  
should be enuountarad fn reversing t h s  rudder of this afrplane for 
recovery f r o m  a s u b .  
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CCNCLDSIOIJS Bh'D RECCWEENDATIOhTS 

Eased on the results of spin t e s t s  of 1/18-saale model of 
t he  XNQ-1 airplane in the  olean condition, the following aonclusione 
and reoommndations are made regarding the spin and reoovery 
c h a r a o t e r i s t i a s  of the ,airplane wi-th either v e r t i o a l  t a i l  a t  an 
a l t i t ude  of 10,000 f e e t .  

1. In tho normal gross-weight loading, the sFins will be 
steep and sligh-kly osc i l l a to ry .  Reornery for a l l c o n k t o 1   c m f i p - a t i o n a  
will be rapid by rudder reversal or by neutr&liz&tion of both 
rudder and elevator; changes i n  loading possible  on the a i rp lane  
w i l l  have no appreciable s f f e c t  on t h e  spir; and recovery cha rac t e r i s t i o s .  

2. Recovery  from  fnverted spins w i l l  be rapid by f u l l  rudder 
reversa l ,  and reoovery should bo followed by n e u t r a l i z a t i o n  of 
th6  s t ick ,  longi tudina l ly  and laterally. 

3 .  If' for 'my reason it becomes neoessery to abandor, tb.e 
spinning airplane, it is reoomendsd that the p i l o t  jump f'rom the 
outboard slde of the fuselage and as far rearward as possfble. 

4. The rudder Dedal force neoessary t o  e f feo t .   sp in  reoovery 
will be light. 

Langley Memorfal Aeronautioal  Laboratory 
lVationa1 Advisory Cammittee f o r  Aeronautios 

Langley Field, Va. 

Chief uof S t a b i l f b  Researoh Division 
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C)ver-sll lergth,  ft: 
Original  v e r t i c a l  tail . .  . '  . . . . . . . . . . . . . .  27.63 
Alternate vertical tail . . . . . . . . . . . . . . . . .  24.70 

Proge1.ler diameter, f t  . . . . . . . . . . . . . . . . . . . .  8.50 
Propeller,  no. of bhdes . . . . . . . . . . . . . . . . . . . .  2 

f i l e r o m :  
Area (bo th  ai lerons) ,  , s q  ft: 

T o t a l . . . . . . . . . . . . . . . . . . . . . . . . .  10.45 
Rearward of hinge l ine . . . . . . . . . . . . . . . . .  7.97 

S ~ e n  (at hinge l ine) ,  in. . . . . . . . . . . . . . . . .  108.0 
Chord, poroent ol w i n g  ohord (oonetant) . . . . . 24.5 
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Zorizontal  tail surfaoes: 
Area, s q  f t  

Total  . . . . . . . . . . . , . . . . . . . . . 0 . 0 . ~ ~ . 3  8 
Hevator 

Total. . . . . . . . . . . . . . . . . . . . . . . .  20.08 
Rearward of hingel ine . . . . . . . . . . . . . . . .  17.02 

span, f* . . . . . . . . . . . . . . . . . . . . . . . . .  13.17 
Dj stence from norm1 gross-wefght aenter of gravity 

t o  e levator hinge line, in. . . . . . . . . . . . . . .  196 

Vertical tail surfaces: 
Area, sq ft 

Tatal 
Original  . . . . . . . . . . . . . .  
Alternate  . . . . . . . . . . . . . .  
Total  

Rudder 

O r i g i n a l .  . . . . . . . . . . . .  
Alternate . . . . . . . . . . . .  
Original  . . . . . . . . . . . .  Rearward of hinge Une 

Alternate . . . . . . . . . . . .  
Original  . . . . . . . . . . . . . . . .  
Alternate  . . . . . . . . . . . . . . .  

Distanoe from normal gross-weight oenter of 

span, rt 

t o  rudder hinge l i n e  (both), in. . . . .  

. . . . . . . .  . . . . . . . .  

. . . . . . . .  . . . . . . . .  

. . . . . . . .  . . . . . . . .  

. . . . . . . .  . . . . . . . .  
gravity . . . . . . . .  

24.11 
20.97 

18.2'7 
12.50 

6-59 
6.06 

Tail-damping-power factors 
T i t h  o r i g f n a l  v e r t i o a l  tail . . . . . . . . . . . .  488 x 
Kith alternate v e r t i o a l  t a i l  . . . . . . . . . . . .  330 x 

HATIONAL ADVISORY 
CONHITTEE FOR AEEONAUTICS 



! I 
: Variat ions from the  Type of ! Vertical t a i l  ' I Data on i 
! normal gross -migh t  1 spin * 
i loading 1 t I 
"" " I 

I 

a 
i Hme 

f 
I 
I 

I None 

! 

I rearward 10 percent o f  
! 

Center or" gravity moved 

Norr e 

Center o f  gravity noved 
r e a m w d  13 percent of 

Origind 

Original i 
I 

original  

aEudder-tension t e s t s  were performed for th5s oordition. 
bPilot-escape t e s t s  werc prformed for th is  oondition. 
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D i n n e r  w1r.g down I I Turns for 

recovery  





0 

0 .... .... 
NACA RM N O *  L6H28 

I I Turns for 
recovery 



H 
1 q 
U 

PI 
. c o m m e m ~ w  

NATlOluL m m y  

Uodel raluaa 
nonlsrLod Lo 
corrsmpondlnp 
fu l l - sca la  valuel. 

D Inner r l e u  d o m  
U 1na.r r ing up 



HACA RM NO. L6H28 

Fus. ref l ine 



NACA Fit4 NO. L6H28 

F i g u r e  2.- P h o t o g r a p h i c   v i e w s  of t h e  -- scale model  of t h e  XNQ-1 
18 

a i r p l a n e   w i t h  the o r i g i n a l  v e r t i c a l  tail i n s t a l l e d .  
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ORIGINAL TAIL 
ALTERNATE TAIL - - - 

. .. 

I 

r 

I II ,'I 1 I /"---- RUDDER 4 '4 
HINGE 37.25* 

LINE" S-p, 
251.87 

FIGURE 3.- A COMPARISON DRAWING OF THE ORIGINAL AND ALTERNATE VERTICAL TAIL 

il 

.. . . .  
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F i g u r e  4.-  P h o t o g r a p h  o f  t h e  -- scale model  o f  t h e  XNQ-1 
18 

a i r p l a n e   s p i n n i n g  in t h e   L a n g l e y   2 0 - f o o t  free-spinning t u n n e l .  
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I Y  -Iz RELATIVE MASS DISTRIBUTON 
M b2 INCREASED ALONG THE WINGS- 

nGURE 5.-INERTlA PARAMETERS FOR LOADINGS POSS- 
IBLE ON THE XNQ-1 AIRPLANE AND FOR THE 
VARIOUS LOADINGS TESTED ON THE MODEL. 
(POINTS ARE FOR LOADINGS LISTED ON TABLE KC) 
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